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On page 4, Figure 2-1 should appear as shown below: 


Mark inlet on 


Flow —fiae 


5 
£ 
3 
3 
2 
g 
‘a 
3 
£ 
< 


Mark outlet on 
\ —_— orifice fitting plates 


Figure 21 Symbols for Orifice Plate Dimensions 
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On page 4, Figure 2-5 should appear as shown below: 
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Orifice to pipe diameter ratio, 3. 


Nous: 

LA‘ -C=0. 

2, When the diameter of the orifice may require changing to meet different conditions, the lengths of straight pipe 
should be those required for the maximum orifice to pipe diameter ratio that may be used, 


Figure 2-5—Partly Closed Valve Upstream of Meter Tube 
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On page 7, Table 2-3 should read as follows: 


Tabie 2-3—Linear Coefficient of Thermal Expansion 


Linear Coefficient of 

Thermal Expansion, & 

Material (U.S. Units Gn/in-*F)) 
‘Type 304 and 316 siainless stee!" 0.00000925 
Monel* 0,00000795 
Carbon steel” 0.90N00620 


‘Note: For flowing temperature conditions other than those stated in Foot= 
notes a and b and for other materials, refer to the American Society fi 
als Metals Hancihook. 

*For flowing conditions between -100°F and +300°E, refer to ASME PTC 
195. 

“For flowing conditions between ~7°K and +154°F, refer to Chapter 12, See- 
tion 2, 


2-4 should uppear as shown on the following page: 
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8 CuapTer 14—Naturat Gas FLUIDS MEASUREMENT 
Table 2-4— Orifice Plate Dimensions 
Nominal Inside Diameter (inches) 
T T T T 
2 1 |] 4 6 8 |wuy om | ww | 20], % | * 
Published 1.687 2.628 | 3.152 9.562 
Inside 1,939 2.900 | 3.438 A897 5.761 7.981 | 10,020 1938 15.000 
Diameter 2.067| 2.300 3,068 | 3.826. 4.028] 5.187 6.065] 7.625 8.071 | 10.136] 11.374 12.090] 14.688. 15.250 
Orifice Plate ‘ituckness, £ (inches) 
Minimum ous[ ots o1tsfons o1s]ois csfons ams] qus[ 017s 017s] 0.175 0.175 
Maximum 0.130] 0.130 0.130] 0.130 0.130] 0.163 6.192] 0.254 0.319] O.319) C379 U.sHR] 0.49) 0.900 5 
Recommended 0.125] 0.125 0.12540.125 0.125] 0,129 0.123] 0.125 0.123} 0.250] 0.250 0.250] 0.373 0.375 0.375 0.395 
Orifice 
Bore 
Diameter, es 
a, O.12Sdy Mariaam Orifice Edge Thickness, ¢ (inches) 
250+ we Px [xe he] he 
D375" wh | he 
B.500 de xt He 
0.625 a | Ke 
| 4 
0.750 fe xh | zi 
0875 Is ke he 
1.000 4 Ao& % 
1.125 Ya a 
4 
xhe te ty he 
Nhe Yee Me 
xh Ye ds ie Jn 
Na a | ee L 
1,750 xh Te] te he 
1.875 xe | 
2.000 4 a 4 
2.250 xh Me | Ms 
LL 
2.375 he Tye 
2.500 fie Me 
2.750 py 
2.875 a 
3.000 x \ xh i bs i & 
3.250 “Be Ne | he he 
3.500 4 xa he Ne Te 
3.625 he wn |e 
— + 
3.750 "Se 
4.000 a 
4250 "My 
4,500 4s 
“te 


Notes: 
|. The maximum edge thickness is defined by ¢ < 0.02D,, or ¢ <0.125¢,,, 
whichever is smaller. 


ticular meter tube diameter and is applicable to all larger orifice diameters 
for that meter tube diametez. 

4. Orifice diameters smaller than those marked with an « are defined by ¢< 
0.1254, 

4, Orifice plates whose edge thickness meets the value defined by 2 < 0. 033D,, 
need not be rebeveled unless reconditioning is required for olher reasons. 

5. Alt dimensions are in inches. For ease in machining, the next smaller val- 
ues of e, in even multiples of fs inch or % inch, may be used where ¢ is giveu 
in G4ths of an inch, 
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outside of the scope of this standard. 

7. Ifa bevel is required, its minimum dimension, measured along the axis of 
the bois, shi i he haw is inch, 

&. The use of diameters marked with an asterisk (*) may result in coeffictent 
of discharge uncertainties larger than those specified in Chapter 14, Section 
3, Pani, 

9. To prevent plate deflection, the recommended 8-inch orifice plate thick- 
ness (E) requires that the differential pressure be limited to 150 inches water 
column. 
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SPECIAL NOTES 


1, API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 


NATURE. WITH RESPECT TO PARTICULAR. CIRCUMSTANCES, LOCAL, STATE, 


AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2, APLIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 


THEIR EMFLO YEES, AND GTHERS EXPOSED, CONCERNING HEALTH AND 


SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIG/ ATIONS 


UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3, INFORMATION CONCERNING SAFE! TY AND HRALTH RISKS AND PROPER 


PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 


TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFPRTY DATA SHEET, 


OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SABEHTY DATA SHEET 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OT 3B, FOR THE MA 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 


ERED'BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 


THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
Ty FOR INFRINGEMENT OF LETTERS PATEN' T. 


5, GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAR. 


FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS, SOMETIMES A ONE- 


TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YBARS AP- 
TER JTS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C, 20005. 


Copyright 
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FOREWORD 


This foreword is for information and is not part of this standard, 


Chapter 14, Section 3, Part 2, of the Manual of: Petroleum Measurement Standards tur- 


nishes the specifications and installation requirements for the measurement of single-phase, 
homogeneous Newtonian fluid 


ing concentric, square-edged, flange-tapped orifice me- 
ters. It provides the specifications fort the construction and installation of orifice plates, me- 
ter tubes, and associated fittings. Users of pipe tap orifice meters are referred to Chapter 14, 
Section 3, Part 3, for specifications relevant to those meters, 

This standard has been developed through the cooperative efforts of many individuals 
from industry under the sponsorship of the American Petroleum Institute, the American Gas 
Association, and the Gas Processors Association, with contributions from the Chemical 


Manufacturers Association, the Cana 


Been cia 


wi Gas Association, the Comin 
pean Communities, Norway, Japan, and others. 

API publications may be used by anyone desiring to do so. Every effort has bean made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes na representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ute 199071 Street NOW Wach. 


ute, 1220 b Street, N.W., Wash- 


a Of the Euro- 


ington, D.C. 20003. 
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Chapter 14—Natural Gas Fluids Measurement 


SECTION 3— CONCENTRIC, SQUARE-EDGED ORIFICE METERS 
PART 2— SPECIFICATION AND INSTALLATION REQUIREMENTS 


2.1 Construction and Installation Requirements 


This document outlines the various design parameters that must be taken into consider 


using orlfice meters, The mechanical tolerances 


found in this document encompass a wide range of diameter ratios for which experimental 
results are available. In this document there are several sections in which the tolerances for 
the mechanical specifications have been changed, relative to previous editions. 

Use of the calculation procedures and techniques shown in the Manual of Petroleum 
Measurement Standards, Chapter 14, Section 3, Parts 1 and 3, with existing equipment is 
recommended, since these represent significant improvemenis over the previous methods. 


However, the uric 


ty Le 
ferent from thase quoted in Part 1. 

Use of orifice meters at the extremes of their diameter ratio (8,) ranges should be avoided 
whenever possible. Good metering design and practice tends to be somewhat conservative. 
This means that the use of the tightest tolerances in the mid-diameter ratio (,) ranges 
would have the highest probability of producing the best measurement, An indication of 
this is found in the section on uncertainty in Part 1. 


et Gua e ty AkaSia eh ON SMA a 
This standard is based on diamsigr ratios (0) belw 


be dif- 


4 0.10 and 0.75, Minimum uncer- 
tainty of the orifice plate coefficient of discharge (C,) is achieved with diameter ratios (,) 
between 0.2 and 0.6 and orifice hore diameters greater than or equal to 0.45 inch 

ratios (f,) and orifice bore diameters outside of this range may be used; however, the uscr 
should consult the uncertainty section of Part 1 for limitations. 

Achieving the best level of measurement uncertainty begins with but is not limited to 
proper design, Two other aspects of the measurement process must accompany the design 
Gffort; otiery i is of iittie value. These aspects are the application of the metering system 
and the maintenance of the meters, neither of which is considered directly in this standard. 
They are, howe: 


Homieter 


ele standard. since 
gic standard, since 


they cover metering applications that can differ widely in fiow rate, type of fluid, and. op- 
crational requirements, The user must therefore determine the best meter selection for ap- 
plication and level of maintenance for the measurement system under consideration. 


2.2 Symbols 


This standard reflects orifice meter application to fluid flow measurement with symbols 
in general technical use. 


Symbol Represented Quantity 


Ce Orifice plate coefficient of discharge. 
Orifice plate bor 


a 


da Orifice plate bore diameter measured at T,,. 

d, Orifice plate bore diameter calculated at reference temperature, T,. 

D Meter tube internal diameter calculated at flowing temperature, J). 
Ds Meter tube internal diameter measured at T,,. 

D. Meter tube internai diameter caicuiated at reference temperature, 1. 
AP Orifice differential pressure. 

of Temperature, in degrees Fahrenheit. 

R ‘Temperature, in degrees Rankine. 


1 
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E Orifice plate thickness. 
e Orifice plate bore thickness, 

Roughness average, 

Temperature of the orifice plate and/or meter tube at time of diameter measure- 

ments. 

T, Reference temperature of orifice plate bore diameter and/or meter tube intemal 
diameter. 
Linear coefficient of thermal expansion. 


coafiicient of thermi pansion of the orhee plate. material 


a 

4 u 

a Li 

Oy Linear coefficient of thermal expansion of the meter tube material. 
B eter to meter tuh 


bar coetiicient of thermal expansion of the orifice plate material. 


Ratio of orifice plate bore di 


culated at flowing temperature, T, 
B,, Ratio of orifice plate bore diameter to meter tube internal diameter (d,,/D,,) 
calculated at temperature T,,, 
B. Ratio of orifice plate bore diameter.to meter tube internal diameter (d,/D,) cal- 
culated at reference temperature, 7,. 
Orifice plate bore eccentricity. 
Orifice piate bevei angie. 


Ht 


2.3 Definitions 


This standard reflects orifice meter application to fluid flow measurement. The defini- 
tions are given to emphasize the particular meaning of the terms as used in this standard, 


2.3.1 PRIMARY ELEMENT 


as the ofifice plate. the orifice olate holder with i 5 
a8 ine office plate, te Ofitice plate noider Wit 


taps, and the meter tube. 


2.3.1.1 Orifice Plate 


re Chore) 
ture (bore) 


nal, compared with ter of the 


measuring aperture (bore) and because the upstream edge of the measuring aperture is sharp 
and square. 


2.3.1.2 Orifice Plate Bore Diameter (d, d,,, o,) 


The calculated orifice plate bore diameter (¢) is the internal diameter of the orilice plate 


1, The caloulated orifice plate bore diameter d) is used in the flow equation for the « deter- 
mination of flow rate. 

The measured orifice plate bore diameter (d,,) is the measured internal diameter of the 
orifice plate measuring aperture at the temperature of the orifice plate (7,,) at the time of 
bore diameter measurements, determined as specified in 2.4.3. 

The reference orifice plate bore diameter (¢,) is the internal diameter of the orifice plate 


measuring aperture at reference temperature (7,), caicuiated as specified in Z. The ref- 


erence orifice plate bore diameter is the certified or stamped orifice plate bore diameter. 


2.3.1.3 Orifice Plate Holder 


The orifice plate holder is defined as a pressure containing piping element, such as a set 
of orifice flanges or an orifice fitting, used to contain and position the orifice plate in the pip- 
ing sysiem. 
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SECTION 8—CONCENTRIC, SQUARE-EOGED ORIFICE METERS, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 3 


2.3.1.4 Meter Tube 


The meter tube is defined as the straight sections of pipe, including all segments that are 
integral to the orifice plate holder, upstream and downstream of the orifice plate, as 


2.3.1.5 Meter Tube Internal Diameter (D, D,,. D,) 


The calculated meter tube internal diameter (D) is the inside diameter of the upstream 
2 (T), as specified in 1.6.3 of Part 


© (75), a8 specified in 1.6.3 of Part 


1, The calculated meter tube internal diameter (D) is used in the diameter ratio and 
Reynolds number equations. 

The measured meter tube internal diameter (D,,) is the inside diameter of the upstream 
section of the meter tube measured at the temperature of the meter tube (f,,) at the time of 
internal diameter measurements, as specified in 2.5.1.2, 

The reference meter tube internal diameter (D,) is the inside diameter of the upstream 


section of the meter tube computed at flowing femmerat 


sect! ube compnted at flowing tome! 


ated at the refs: re (T,), a 
The reference meter tube internal diameter is the certified or stamped meter tube internal di- 
ameter. 


2.3.1.6 Diameter Ratio (£, ,,, 8,) 


The diameter ratio (3) is defined as the calculated orifice plate bore diameter (d) divided 
by the calculated meter tube internal diameter (D). 

The diameter ratio (f,,) is defined as the measured orifice plate bore diameter (d,,) di- 
vided by the measured meter tube internal diameter (D,,). 

The diameter ratio (f,) is defined as the reference orifice plate bore diameter (d,) divided 
by the reference meter tube internal diameter (D,). 


2.3.2 PRESSURE MEASUREMENT 
Tap Hoie 


A tap hole is a hole drilled radially in the wall of the meter tube or orifice plate holder, 
the inside edge of which is flush and without any-burrs. 
2.3.2.2 Fiange Taps 

Flange taps arc a pair of tap holes positioned as follows: 


a. The upstream tap center is located 1 inch upstream of the nearest plate face. 
b. The downstream tup center is located 1 inch downstream of the nearest plate face. 


2.3.2.3 Differential Pressure (AP) 


The differential pressure (AP) is the static pressure difference measured between the up- 
stream and the downstream flange taps. 


2.3.3 TEMPERATURE MEASUREMENT (7, Tiv 7;) 


The temperature (7;) is the flowing fluid temperature measured at the designated up- 
stream or downstream location, as specified in 2.6.4. 

In flow measurement applications where the fluid velocity is well below sonic, it is comi- 
mon practice to insert a temperature sensing device positioned in the the flowing stream to 
obtain the flowing temperature. For practical applications, the sensed temperature is as- 
sumed to be the static temperature of the flowing fluid, 

The temperature (7,,) is the measured temperature of the orifice plate and/or the meter 
tube at the time of the diameter measurements, as specified in 2.4.3 and 2.5.1.2, 
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The temperature (T,) is the reference temperature used to determine the reference orifice 
plate bore diameter (d,) and/or the reference internal meter tube diameter (D,), as specified 
in 2.4.3 and 2,5,1.2, 


2.3.4 ROUGHNESS AVERAGE (R,)} 


‘The roughness average (R,,) used in this standard is that given in ANSI’ B46.1 and is “the 
arithmetic average of the absolute values of the measured profile height deviation taken 
within the sampling length and measured from the graphical centerline,” 


2.4 Orifice Plate Specifications 


The symbols for the orifice plate dimensions are shown in Figure 2-1, 


2.4.1 ORIFICE PLATE FACES 


The upstream and downstream faces of the orifice plate shall be flat. Deviations from 
flatness on the orifice plate of less than or equal to 1! percent of dam height (that is, 0.010 
inch per inch of dam height) under static conditions are allowed. The dam height can be cal- 
culated from the formula (D,, ~ d,,)/2. This criterion for flatness applies to any two points 
on the orifice plate within the dimensions of the inside diameter of the pipe. The departure 
from flatness is illustrated in Table 2-1. 

The surface roughness of the upstream and downstream faces of the orifice a oull 


ble to the nak tha 50 microinche: 
bic to the naked eye that exceed 50 microinc 


Mark inlet on 
paddie-type plates 


[J i 
Dip ey 

| Ni Bevel angle 
| Nt 5 te 18) 


—r 
Mark outlet on 
N— orifice fitting plates 


Figure 2-1— Symbols for Orifice Plate Dimensions 


a 
N 


Flow ——> 


Aciual pipe inside diameter 


roadway, New York, New York 10018, 
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Table 2-1— Orifice Plate Flatness Tolerance 


Orifice plate outside diameter | 
| Pipe inside diameter, D, | 


I 
| Straight edge 


a oar 


Orifice bore, d,, Departure from flainess 


(MEASURED AT EDGE OF ORIFICE BORE 
AND WITHIN INSIDE PIPE DIAMETER) 


Maximum Departure From Flatness (inches) for 


Orifice Bore Nominal Meter Tube Size (inches) 
Diameter, d,, . 
(inches) 2 3 4 6 8 10 12 16 20 24 30 
0.125" 0.009 
0.250 0.009 
0.375" 0.003 
0.500 0.008 0.013 
0.625 0,007 0.012 0.017 
.750 0.007 0.012 0.016 0.027 
0.875 0.006 0.01 1.016 0.026 0.036 
1.000 0.005 G.010 G<.015 0.025 G.035 0.046 
1.250 0.004 0.009 0.014 0.024 1.934 0.044 0.054 
1.508 0.003 0.008 0.913 0.023 0.033 0942 O82 O67 
1.750 0.007 G011 6,022 0.032 0.042 0.052 0.066 
2.000 0.005 0,010 0,020 0.030 0.041 0,050 0.065 0,085 
22350 O04 06.009 0019 0025 0.039 6,049 5 0.083 
2.500 0.008 0.018 0.028 0.038 0,048 
2.750 0.006 0.017 0.027 0.037 0,047 
3,000 0.005 0.015 0,025 0.036 0,045 
3.250 0.014 0.024 0.034 0.044 
3,500 0.013 0.023 0,033 0.043 
3.750 0.012 0.022 0.032 0.042 
4,000 0.010 0,020 0,031 0,040 
4, ne ZO, 


5i 0.035 .070 a, 

5.500 0.033 0,067 OL 
6.000 O16 002i 0.030 0045 0.055 GUS 
6.500 0.018 .028 0.042 0,062 Q.112 
7000 6,016 0025 6.040 0.660 0.110 
7.500 0.013 0.023 0.037 0.570 0.107 
3,000 0,020 6.035 0,055 0.105 
8.500 0.018 6,032 0.052 0.202 
9.000" 0.015 6.030 0.050 0.400 


8{Jse of these diameters is not prohibited but may result in uncertainties greater than those specified in Chapter 14, 
Seutivn 3, Pat i. 
’For larger sizes, the maximum departure from flatness is equal to 0.005(D,, — d,). 


surface roughness may be verified by using an electronic-averaging-type surface roughness 
instrument with a cutoff value of not less than 0.03 inch. Other surface roughness devices 
(for example, a visual comparator) are acceptable for determination of orifice plate surface 
toughness if the same repeatability and reproducibility as those of the electronic-averaging- 
type surface roughness instrument can be demonstrated. 

The plate shall be kept clean at all dimes und free from accumulations of dirt, ice, and 
otter exlraneous material. 
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2.4.2 ORIFICE PLATE BORE EDGE 


The upstream edge of the orifice plate bore shall be square and sharp, The orifice plate 
bore edge is considered to be too dull for accurate flow measurement if the upstream edge 
refiects 2 beam of light when viewed without magnification or if the upstream edge shows 
a beam of light when checked with an orifice edge gauge. 


edge with the bore edge of a reference orifice plate of the same nominal diameter, The 
orifice plate bore edge heing evaluated should feel and look the same as the edge of the ref- 
erence orifice plate. 

The upstream and downstream edges of the orifice plate bore shall be free from defects 
visible to the naked eye, such as flat spots, feathered texture, roughness, burrs, bumps, 
nicks, and notches. 

If there is any doubt about whether the edge has sufficient quality for accurate metering, 
the orifice plate should be replaced. 


2.4.3 ORIFICE PLATE BORE DIAMETER (d,,, d,) AND ROUNDNESS 


The measured orifice bore diameter, d,, iS defined as the mean (arithmetic average) of 
four or more evenly spaced diameter measurements. None of the four or more diameter 
micasurements may vary from the moan value by more than the tolerances given in Table 
2-2. The orifice plate temperature should be recorded at the time the bore diameter measure- 
ments are made. 

The orifice plate bore diameter, d,, is defined as the calculated reference diameter at ref- 
erence temperature (T,) and can be determined using the following equation: 


d=d,[l+ a(t ~ 7) (2-1) 


a 


o, = linear coefficient of thermal expansion for the orifice plate material (see Table 2-3). 
d, = orifice plate bore diameter calculated at reference temperature (7). 

d,, = orifice plate bore diameter measured at T,,,. 

T,, = tomporature of the orifice plate at time of diameter mcasurements, 

T, = reference temperature of the orifice plate bore diameter, 

so, T., and T 


The orifice plate bore diameter, d,, calculated at T, is the reference diameter used to cal- 


culaie the bore diuméier (¢) at flowing conditions, as specified in Part 1. 


The inside surface of the orifice plate bore shall be in the form of a constant-diameter 
ovlinde: AI, 


+ having no defects. such as grooves. ridges. pits. or lunins. visible to the naked eve. 
cylinder having no defects, such as grooves, ridges, pits, or lumps, visible to the naked eye, 


The length of the cylinder is the orifice plate bore thickness (¢). 


Table 2-2—Roundness Tolerance for 
Orifice Plate Bore Diameter, a, 


Orifice Bore Diameter, dy (inches) Tolerance (+ inches) 

$0,250" 0.0003 
0.251-0.375" 0.0004 
0.376-0.500" 0.0C05 
0501-0.625 0.0008 
0.626-0,750 0.0005 
0,751-0,875 0.0005 
0.876-1.000 0.0005 

71,000 0.0005 inch per inch of diameter 


*Usc of diameters below 0.45 inch is not prohibited but may rosult in uncer- 
tainties greater than those specified in Chapter 14, Section 3, Pact 1. 
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Table 2-3—Linear Coefficient of Thermal Expansion 


Linear Coefficient of 
‘Thermal Expansion, @ 


{Us 


‘Type 304 and 316 stainless steel® ©.60000925 
Monel" 0,00000795 
Carbon steel” 0,00000620 


Note: For flowing temperature conditions outside those stated above and for 
other materials, refer (o the American Society for Metals Metals Handbook. 
*For flowing conditions between —100°F and +300°F, refer to ASME PTC 
19.5. 

*For flowing conditions between —7°F and +154°R, refer to Chapter 12, Sec- 
tion 2. 


The minirnum allowable orifice plate bore thickness (e) is defined by ¢ > 0,01d,, or 


é > 0,008 inch, whichever is larger. 


The maximum allowable value for the orifice plate bore thickness (¢) is defined by 
€ $0,02D,, or e < 0.125d,,, whichever is smaller, but ¢ shall not be greater than the orifice 
plate thickness (£). 


2.4.5 ORIFICE PLATE THICKNESS (£) 


The minimum, maximum, and recommended values of orifice plate thickuess (Z) for 
Types 304 and 316 stainless steel orifice plates are given in Table 2-4 for differential pres- 
sures not exceeding 200 inches water column and operating temperatures not exceeding 
i56°F, in other cases the manufacturer shouid be contacted for specific information on 
deflection (see 2.4,1) far a given diameter ratio, temperature, orifice plate material, orifice 


D 
pr 


2.46 ORIFICE PLATE BEVEL (4) 


‘The plate bevel angle (8) is defined as the angle between the bevel and the downstream 
face of the plate. The allowable value for the plate bevel angle (@) is 45 degrees + 15 de- 
grees. 

The surface of the plate bevel shall have no defects visible to the naked eye, such as 
grooves, lidges, pits, or lumps. 

if a bevel is required (see Table 2-4), its minimum dimension measured along the axis of 


the hore chall nor 


4 ‘he lace than cinch 
ihe bore shall HOt be Less than As inch. 


2.5 Meter Tube $ 


2.5.1 DEFINITION 


The meter tube is defined as the straight upstream pipe of the same diameter (length A or 
A’ on the installation sketches (see Figures 2-5~-2-9)], including the straightening vanes, if 


esd: theon hee alate holder. and the cinilardey 
sed, the orifice plate holder, and the similar do 


sireamn pipe length 2 on the installation 
sketches (see Figures 2-5--2-9)] beyond the orifice plate. The length of the upstream and 
downstream pipe sections is specified in 2.6.3.1, The tolerances for the diameter and the re- 
strictions for the inside surface of the meter tube are specified in 2.5.1.1 through 2.5.1.3. 
There shall be no pipe connections within these distances other than the pressure taps 
specified in 2.5.4 (and pipe taps as defined in Appendix 3-D of Part 3), temperature prohes 
specified in 2.6.4, and/or straightening vane attachments, either flanged or in line. 


2.5.1.1 Inside Surface 


The sections of the meter tube to which the orifice plate holder is attached or the adjacent 


pipe sections that constitute part of the meter tube, as defined in 2.5.1, shall comply with 
96 41 1 +h 
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Table 2-4——-Orifice Plate Dimensions 


Nominal Inside: Diameter (inches) 


2 3 4 6 “8 wolow TT «6 [2 a Ole 
Published 1.687 2,624 | 3,152 | 18,812 
Incide 1.930 2.p00 | 3.438 ASOT 5.761 7981 23.000 29.000 
Diameter | 2001 2.300 3.068] 3.826 4,026] 5.187 6.065] 7.625 8.071 14.688 15.250 | 19.250 | 22.624 23.250] 28,750 29.250 
i 
Orifice 
Minium OMS] OMS 0115] G15 OAS] O05 0.115] 0.615 O15] GUIS] 0.175 0.175] 0.175 0.370 0.370 
Maximum 0.1301 0.130 06,1301 0.120 0.1301 0.663 06,1921 0,254 0.319] 0.3191 0.279 398! 0.490 0582 O578 
Recommended ues |aizs 0125] ates 0125 | 0125 vl25 [ous vt25] uzsv] osu use| 375 0.500 0.500 
Orifice 
Bors 
Diameter,  e€ 
dey 0.1254, Maximum Orifice Edge Thickness, ¢ (inches) 
or = [xk lah hl hh | | 
0375" xh | he 
0.500 hs xs Us | ts He 
0.625 Me wa} hh 
0.750 h xh 
0.875 & ei] bh 
\.co0 4 hk ‘4 
L125 ts x a | 
1,250 te | h& | hh 
er iy, " a) 
1,500 ts xs | Ne He | Me Hs 
Leas Me es re 
1.750 Ke i | h he 
1.875 Ma xh {he “hs 
2.000 4 ey, K 4 4 
2.950 Ye Yy yy he | % 
a Y Z, Bavel required yy Yi 7, i, ] %, 
ae 7 z sunt a0) 5 ZY 
2.500 %, | WEL te he he 
2.750 y “ Me | he Mh 
2.875 he . | hs Mas | hs hs 
sme ale et eS 
3,250 he he ‘he | bh th 
3,500 us vie Hs ho Us 
3.625 hs xh | hse 
| 
3.750 % ‘h "Ia 
aon a: 
4,250 Ye he Yh 
4.500 as xhe Is 
4,625 A j h 
4750 "he 
5.000 % 
ena A (Pees! [Serre ee IL 1 3 eee i i i 
Notes: 


1, The maximum edge thickness is defined by ¢ < 0,02D,, or ¢<0.125dy, 
whichever is smatier, 

2. An orifice edge thickness marked with an x is the maximum for Wat par- 
ticular meter tube diameter and is applicable to all farger orifice diameters 
for that meter tube diameter, 

3. Orifice diameters smallor than those marked with an x are defined by e < 
0.1254, ; 
4, Orifice plates whose edge thickness mests the value defined by ¢ <0.033D,, 
need not be rebeveled unless reconditioning is required for other reasons. 

5, All dimensions are in inches. For ease in machining, the next smaller val- 
ues of e, in even multiples of 4s inch or / inch, may be used where ¢ is given 
in 64ths of an inch. 


6, Bidirectional flow through an orifice meter requires a specially config- 
ured meter tube and the use of an unbeveied orifice plate. Use of an un- 
beveled orifice plate with bore thickness, ¢, that exceeds the limits specified 
in this table is outside of the scope of this standard. 

7. LE a bevel is required, its minimum dimension, measured along the axis of 
the bore, shall not be less than /'s inch. 

8. The use of diameters marked with an asterisk (*) may result in coefficient 
of discharge uncertainties larger than those specified in Chapter 14, Section 
3, Part |. 

9. To prevent plate defiection, the recommended 8-inch orifice plate thick- 
ness () requires that the differential pressure be limited to 150 inches water 
column. 
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2.5.1.1.1 The internal surface roughness of the meter tube should be measured at approx- 
imately the same axial locations as those used to determine and verify the meter tube inter- 
nal diameter (sce 2.5.1.2). The values specified in Items a and b below are the arithmetic 
average roughnesses obtained using an electronic-averaging-type surface roughiness instru- 
ment with a cutoff value of not less than 0.03 inch. Other surface roughness devices are ac- 
ceptable for determination of meter tube surface roughness if the same repeatability and 
i f the electronic-averaging-type surface roughness instrument can 
imum of four roughness measurements shall be made. 
average) of these 


be demonstrated. A mi 

The mean (a = rouihness moensnremente ts deined 
as the meter tube internal surface roughness, The mean meter tube internal surface rough- 
ness may not exceed the following specifications if the uncertainty values of Part 1 are to 
be met: 


a. 300 microinches R, if the diameter ratios (8,) are less than 0.6. 
b. 250 microinches R, if the diameter ratios (B,) are greater than or equal to 0.6. 


Note: The use of lower diameter ratios (8,) reduces the effect of pipe roughness on uncertainty. 


Carefully selected smooth commercial pipe may be used. To improve smoothness within 
the meter tube, the inside pipe wal! 


2.5.1.1.2 Irregularities such as grooves, scoring, or ridges resulting from seams, welding 
distortion, offsets, and tie like, that affect the inside diameter by more than the tolerances 
given in 2.5.1.3 shall not be permitted. When these tolerances are exceeded, the irogular- 
ities must be corrected, 


2.5.1.1.3 The interior of the meter tube shall be clean at all times and free from accurnu- 


s of contaminants (dirt, Liquids, and so forth). 


2.5.1.2 Meter Tube Diameter (2,,, 0.) 


The measured internal diameter of the meter tube, D,,, shali be determined as specified 
in 2.5.1.2,1 through 2.5.1.2.5. 


2.5.1.2.1 A minimum of four equally spaced individual internal diameter measurements 


ch upstream from the upstream facc of the orifice plate. The 


mean (arithmetic average) of these four or more individual measurements is defined as the 
measured meter tube internal diameter (D,,). 


2.5.1.2.2 Individual check measurements of the intemal diameter of the upstream section 
(A or A’ in Fig: 2-9) of the orifice plate gasket or scaling 
device diameter) shall be made at a minimum of two additional cross-sections. The actual 
locations of the individual internal diameter check measurements, circumferentially and ax- 
ially along the tube, are not specified, These individuat checks should he made at points that 
will indicate the maximum and minimum dimensions of the internal diameter of the meter 
tube’s upstream section, 

One of these individual check measucements should be made in a region at least two pipe 
diameters from the faco of the orifice plate or pust the orlfice plaic holder weld or flange, 
whichever is the greater distance. Other individual measurements should be made at se- 
lected points within the A or A’ dimension. 

Individual check measurements are used to verify the uniformity of the internal diameter 
of the upstream section of the meter tube (see 2.5.1.3) but do not become a part of the de- 
termination of the mean meter tube internal diameter. 


2.5.1.2.3 Individual check measurements of the meter tube internal diameter, D,,, shall 
be made in the downstream section of the meter tube in a plane 1 inch downstream from the 
downstream face of the orifice plate (see 2.5.1.3). 

Additional individual check measurements of the internal diameter, D,, (excluding the 
orifice plate gasket or sealing device diameter), shall be made at a minimum of two other 
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cross-sections in the downstream section of the meter tube (sce 2.5.1.3), similar to the mea- 
surements specified in 2.5,1.2.2. 


2.5.1.2.4 Meter tube internal diameters are not limited to published nominal inside pipe 


diameters. However, all applicable regulations and codes must be followed. 


2.5.1.2.5 The meter tube temperature should be recorded at the time the internal diameter 
measurements are made. 

The reference meter tube internal diameter, 12,, is defined as the calculated meter tube in- 
tomal diameter at reference temperature (7;) and can be determined using the following 


tornal meter at reference temperature ( nd can dete ed us fall 


equation; 


Where: 


= linear cvefficient of thermal expansion for the meter tube material (sce Table 2-3). 
meter tuhe internal diameter measured at temperature (T,,). 
D. = reference meter tube internal diameter calculated at reference temperature (7), 
T> = temperature of the meter tube at the time of the diameter measurements. 

T, = reference temperature of the meter tube internal diameter. 


& 
\ 


IL 


Note: ei, 7,,, and 7, must be in consistent units. For the purpose of this standard, T, is assumed to be 68°F. 


The meter tube internal diameter, D., calculated at T, is the diameter used to calculate the 
be internal diameter (D) at flowing conditions, a8 specified in Part 1. 


me 


2.5.1.3 Tolerances and Restrictions 


The tolerances for the diameter and the restrictions for the internal surface of the meter 
3.1 through 2.5.1.3.3. 


esp 


2.5.1.3.1 Meter Tube Internal Diameter Roundness Tolerance 


2.5.1.3.1.1 Within the First Mean Meter Tube Diameter (D,,) 
Upstream of the Orifice Plate 


The absolute value of the percentage difference between the measured meter tube inter- 


ial diameter, D,,, and any individual dia 


tube diameter, D,,, on the upstream side of the orifice plate shall not execed 0.25 percent of 
De 


dD! 


surement Witt 


asurement within a distance of one meter 


- * x 100] < 0.25% 
| 2, | 


m 


[Any diameter within one D,, — D, (2-3) 


An example of this situation is provided in Table 2-5. All measurements within one meter 
tube diameter upstream of the orifice plate face are within 0.25 percent of the 2.0695 mean. 


Table 2-5—Example Meter Tube Internal Diameter 
Roundness Tolerances: Within First Mean 
Meter Tube Diameter Upstream of 
Orifice Plate 


Meter Tube Intemal Diameter 
Measurements (inches) 


Position A B Cc D Mean. D,, 
-inch upstream plate 2.0696 2.0694 2.0694 2.0696 2.0695 
ie eh, 20700 2.0676 2.0671 2.0655 
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2.5.1.3.1.2 All Upstream Meter Tube Individual Internal Diameter 
Maasurements, Including Those Within One Meter 
Tube Diameter Upstream of the Orifice Plate 


The percentage difference between the m 


dual intemal diameter 
measurement and the minimum measured individual internal diameter mcasurement of all 
upstream meter tube individual intemal diameter measurements, including those within 


(24) 


An example of this situation is provided in Table 2-6. The calculation to verify that the mea- 
surements mect the tolerance criterion is as follows; 


2.0700 - 2.0601 
2.0695 


All upstream meter tube individual internal diameter measurements, including those within 
one meter tube diameter, D,,, upstream of the orifice plate are within 0.5 percent of D,,. 


x 100 = 0.48% 


2.5.1.3.2 Meter Tube Downstream Internal Roundness Tolerance 


The absolute value of the percentage difference between the measured meter tube diam- 
eter, D,,, and any individual internal diameter on the downstream side shall not exceed 0.5 
percent of D,,: 


D { 
“= x 100] < 0.5% (2-5) 


2.5.1,3.3 General Meter Tube Restrictions 


hanges'of the inside:meter tubs surfaed: (shoulders offects, ldgsa wolding 


seams, and the like) shail not exist in meter tubes, with the exception of those allowed in 
2.5.14, 


2.5.1.4 Orlfice Plate Gasket or Sealing Device Recesses and Protrusions 


The orifice plate gasket or sealing device tolerances and restrictions specified in2.5.1.4.1 
through 2.5.1.4.5 shall apply at locations immediately upstream and downstream of the 
orifice plate face, 


2.5.1.4.1  Protrusions resulting from an orifice plate gasket or sealing device 
into the pipe bore are not permitted. 


Table 2-6 —Exampla Mater Tube Internal Diameter 
Roundness Tolerances: All Upstream Meter Tube 


eter Measurements 


Meter Tube intemal Diameter 


Measurements (inches) 
Position A B c D Mem, D, 
l-inch upstream plate 2,0696 2.0694 2,0694 2.0696 2.0695 
Within one D,, 2.0700 2.0676 2,0671 2.0655 
‘Upstream check 
moasurement 2.0621 2.0620 2.0613 2.0601 
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2.5.1.4.2 A recess resulting from an orifice plate gasket or sealing device, of 0.25 inch 
or length, as measured parallel to the pipe axis, does not require recess depth restric- 


tion, diameter ratio (8,) limitation, or additional uncertainty. 


vo than 
o than 


2.5, 1.4.3 A Técess Tésiil 
0.25 inch but less than or equal to 0.5 inch in length, does not require diameter ratio (f,) 
itional i the depth of the recess is within the limitations of 


n or ad 


ae eT 
25.1.4.4 Allorifice plate s 


eter (within the limits specified in 2.5.1.4.1 through 2.5. 


it is used. 


in devices shall be of th 
ng devices shall be of ti 


sain 


4.3) as the orifice plate holder in 


5 For recesses larger than those described in 2.5.1.4.2 and 2.5.1.4.3, additional 


unceriainiiy may be i 


25.2 ORIFICE FLANGES 


Orifice flanges for orifice meter tube installations should be constructed and attached to 
the pipe so that all of the mechanical specifications in 2.5.1.1 and 2.5.1.4 ave i 

Any distortion of the pipe resulting from welding the flange to the pipe shall be removed 
ions specified in 2.5.1.3, 


by machining or arinding to meet the 
by machining or grinding t 


2.5.3 ORIFICE FITTINGS 
2.5.3.1 General 


Orifice fittings represent a class of orifice holders that is widely used throughout the in- 
dustry. With these devices it is possible to repraduce the orifice coefficients defined by the 
equation in Part i within the same unccriainty jirnits as wouid be found for an orifice piate 
held between two flanges (the original test devices). To do this, these devices must be man- 
ufactured to the tolerances specified in this standard. With orifice fittings, however, some 
practical considerations should be recognized, and some critical inspections that are unique 
to these devices should be performed. The following information is based on devices that 
were commonly known to exist at the time this standard was developed and may not cover 
innovations that have become commonly known since its publication. Such innovations 
may be deemed to be in accordance with this standard as long as they mect all tolerances 
contained herein, 


2.5.3.2 Attachment to Pipe 


When an upstream flanged orifice fitting is used, the mean inside diameter of the meter 
tuhe connected to the inlet side shall agree with the mean inside diameter of the fitting 
within the tolerance given in 2.5.1.3, When the fitting is installed, the inlet side shouid be 
connected to the upstream section of the meter tube first and carefully centered; no sharp 


To prevent misalignment at this joint when a flanged connection has been used, two di- 
ally opposed bolt holes may he reamed and snug fitting bolts installed, or dowel pins 
miay be used. Other alignment methods may be used as long as the same result is obtained. 

When the upstream section of the meter tube is attached to the orifice fitting body by 
welding, any distortion of the pipe resulting from the welding shall be removed by machin- 
ing or grinding to meet the requirements of 2.5.1.3. 


2.5.3.3 Inspection Considerations 


In some instances the inspection of an orifice fitting may not be as easy as the inspection 
of a conventional flanged orifice meter, This is true when the fitting in question is of the 
weld neck design and has already been connected to the meter tube, Uniess the meter tube 
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is of a large size, it may be difficult to make measurements in the vicinity of the orifice 
plate, To make this inspection easier, the fitting should have at least one flanged side 
(preferably the downstream side). The user should refer to the relevant pressure vessel and 
pipeline codes to determine whether this particular design may be used in a given system. 
All measurements of mechanical tolerances should be made after the fitting has been pres- 
sure tested at the maximum required test pressure. 


2.5.3.4 Bypass Checks 


In orifice fittings there is the possibility that some fluid may bypass the orifice plate. Tests 
shall be conducted after the meter run has been pressure tested in accordance with the rel- 


nt code to ensure the fallow? 


Eval COuS to Chslre Tic TouGWwiiig: 


a. No differential pressure tap communication or leakage exists. 
b. No haiding or sealing device fluid bypass exists. 


5 
284 


2.5.4.1 Flange Taps 


Meter tubes using flange taps shail have the center of the upstream pressure tap hole 
placed 1 inch from the upstream face of the orifice plate. The center of the downstream 
pressure tap hole shall be 1 inch from the downstream face of the orifice plate. If the pres- 
sure tap holes are located by measuring from the bearing face of a flange, allowance must 
be made for the gasket or piate holding device used. Bach tap hoje shali be iocated at the 
1-inch dimension within the tolerances shown in Figure 2-2. It is recommended that a max- 


imum 


fer ratio (8) of 0.7 5'be uscd.in the design of new installations: 
Under no circumstances should there be any flow through or out of the flange tap or taps 
for purposes other than determining pressure and/or differential pressure, This includes 


flows resulting from manufacturing defects that allow for tap communication or the use of 
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Note: A maximum [3 ratio of 0.75 should be used in the design of new installations. 


Figure 2-2—Allowable Variations in Pressure Tap Hole Location 
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the flange taps as a source of fluid for other instruments. For the latter, other taps located 
away from the orifice plate should be used. 

For flange-tapped orifice fittings, the location of the flange tap relative to the faces of the 
plate must be maintained. This precludes ihe use of either thicker or thinner plates than are 
specified by the original design, unless the fitting has been redrilled. Likewise, the seals or 
other orifice holding devices should not affect the location of the plate relative to the taps. 
Seai/plate combinations shouid be checked to ensure thai the ioierance on the iocation of 
the flange taps is not exceeded. 


2.5.4.2. Pressure Tap Drilling 


Pressure tap holes shail be drilied radially 10 the meter tube; that is, the centeriine of the 
tap hole shall intersect and form a right angle with the axis of the meter tube. 


2.5.4.3 Pressure Tap Diameter 


The diameter of the pressure tap holes at the inner surface of the meter tube and aiong the 
drilled length of the holes shall be % inch + 44 inch for pipe with a nominal diameter of 2 


\ \ 
or 3 inches and shall be 4 iach + 4 inch for pipe with a nominal diameter of 4 inches or 


larger, 

ee press in the orifice plate holder may be drilled out and threaded to re- 
ceive the desired size of pressure tubing connection. 

The diameter of the tap hole shall not be reduced within a length equal to 24 times the 
tap hole diameter, as measured from the inside surface of the meter tube. 


ip hol 


2.5.4.4 Pressure Tap Edges 


The edges of the pressure tap holes on the inner surface of the meter tube shall be free 
from burrs and may be slightly rounded. 


2.5.5 STRAIGHTENING VANES 
2.5.5.1 Design of Tube Bundle Flow Straighteners 


The maximum transverse dimension, @ (see Figure 2-3), of any passage through the 

le diameter, 1),, of the meter tuhe. The cross-sec- 
tional area, A, of any passage within the assembled vanes shall not exceed one-sixteenth of 
the cross-sectional area of the containing meter tube. The length, L, of the vanes shall be at 
least 10 times the maximum inside dimension, a. The length, Z, shall not exceed one-half 
the dimension C’ in Figures 2-5, 2-6, 2-7, and 2-9, or else the dimensions C’ and A’ in these 
figures must be increased, It is nol necessary for all the tubes to be the same size, but their 


atrangement must be symmetrical. 


vanes shall not exceed o1 


eee 


seco 


= | 
| —— | 
—_————— 


A areas 
a 


Figure 2-3—Tube Bundie Fiow St 
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2.5.5.2 Tubing 


The vanes (see Figure 2-3) may be built of smooth standard-weight pipe, thin-walled mb- 
ing, or square, hexagonal, or other shaped tubing, either welded together or mounted into 
two end rings small enough to slip into the meter tube. Regardless of the design, the mate- 
tial used to make these vanes should be of uniform smoothness. The amount of passage 
blockage caused by the end rings should be kept as small as is practical, All tubes should 
be parallel, tapered as thin as is practical at both ends of each tube, and mounted axially 
with the pipe. 


2.55.3 Fabrication 


Straightening vanes must be sturdily fabricated. After being inserted in the meter tube, 
they shall be securely fastened in place to prevent their being dislodged and pushed duwn 
against the orifice plate, Secure fastening, however, should not distort the vane asscmbly 
with respect to the symmetry of the vanes within the meter tube. The vanes should be con- 
structed to minimize the effects of swirl. Swirl can occur between the exterior tubes of the 
bundle and the wall of the pipe. 


2.5.5.4 Other Fiow Conditioners 


The use of other types of flow conditioners should be based on technical performance 
data and mutually agreed upon by the parties involved. No specifications on the construc- 
tion, installation, or uncertainty of other flow conditioners are presented in this standard, 


2.6 Installation Requirements 
2.6.1 GENERAL 


The orifice plate coefficients of discharge (C,) given in this standard are based on the re- 
sults of many experiments conducted in both the United States and Europe. In all cases, 
normal flow conditions were obtained by the use of long straight lengths of meter tube, both 
upsiream and downstream from the orifice, or by the use of flow conditioners upstream 
from the orifice meter (see Part 1, 1.12.4.3), To obtain the uncertainty specified on the 


nt of discharge presented in Part 1 


lar fluid dynamic conditions mu 
‘ge presented in Part lar f 


luid dynamic conditions must be at- 


The orifice plate bore must be concentric with both the upstream and downstream inside 
wall of the orifice plate holder, The orifice plate bore eccentricity, measured paraliei to the 
axis of the pressure taps, shall be less thant or equal to the tolerance defined by the following 


equation: 


0,0025D,, (26) 


Where: 
€ = orifice plate bore eccentricity. 


Table 2-7 shows go) 


dane 2-/ SHOWS SONIC CX! 


aples of the maximum allowable orifice bore eccentricity, 
Orifice plate bore eccentricity perpendicular to the axis of the pressure taps may be four 
times the amount calculated using Equation 2-6 as Inng as the eccentricity in a plane at 45 
degrees to and in a plane parallel to the pressure tap does not exceed the limit calculated 
from Equation 2-6. 
For practical purposes, one method of determining the orifice plate bore eccentricity is 
to measure the perpendicular distance between the installed orifice plate bore edge and the 
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Table 2-7—Maximum Orifice Plate Bore 
Eccentricity Tolerances (Inches) 


Meter Tube Inside Diameter Gnches) 
B 2067 «3.068 —«4.026=«« 6.065 © 7.981 «10.020 


0.20 0.050 0.074 0.097 0.146 0,192 0.242 
0.25 0.047 0.070 0.092 0,139 0.183 0.230 
0.30 0,044 0.065 0.085 0.128 0.168 O211 
0.35 0.038 0,057 0.075 O13 0.148 0.186 
0.40 0.033 0.048 0.063 0.095 0.126 0.158 
0.45 0.027 0.039 0,052 0,078 0.103 0.129 
0.50 0.021 0,032 0.041 0.062 0,082 0.103 
0.55 0.017 = 0.025 0.032 0,049 0.64 0.081 
0.60 0,013" 0.019" 0,025 0.033 0,050 0.063 
0.65 0.0107 0.015 0.020 0.030 0.039 0.049 
on 0,008 = 0.012", 0.015" 0.023 0.030 0.038 


For these values, a minimum eccentricity value of 0.020 inch is considered. 
practical. This may increase the uncertainty of the orifice plate coefficient 
of discharge (C,) by an additional 0,0-0.5 percent. 


inside walls of the meter tube at the pressure tap location, One-half the difference between 
nts [(A — A’)/2], 180 degrees apart, represents the eccentricity in one 
plane. This assumes that the orifice plate bore and the meter tube inside wall are round to 
within a tolerance smaller than the maximum allowable eccentricity limit. Two pairs of 
measurements, in planes parallel to and perpendicular to the pressure tap axis (see Figure 
2-4), should be made to verity the orifice plate bore eccentricity. Other technically valid 
techniques for verifying the orifice plate bore eccentricity are acceptable. 

The maximum allowable orifice plate bore eccentricity calculated using Equation 2-6 can 
be doubied if flange iaps 180 degrees apart are connected togcther to obtain an average 
pressure. Care should be taken to ensure that equal lengths of tubing are used to connect the 
taps and that the connection to the differential pressure (AP) device is located midway be- 
tween the taps. 

‘When measurement of the eccentricity of an orifice plate installed in orifice flanges is not 
possible, two accurately located alignment pins should be used to support and center the 
orifice plate while the bolts are tightened. The eccentricity relative to the upstream side is 


the two 


ey 
‘ YT 


Horizontal eccentricity = (A ~ A/2 
Vertical eccentriclly = (8 — B4/2 


Note: 


Copyright por American Petroleum Institute 


Sat Nov 03 21:47:38 2001 


APT MPMS414.3.2 91 MM 0732290 0055727 O 


Section 8——ConcenrRric, SQuane-EDGED ORIFICE METERS, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 


considered to be the most critical. It is therefore recommended that any alignment pins or 
other devices used to position the orifice plate be mounted so that the plate is centered rel- 
ative to the upstream section of the meter.tube and pressure tap. 

Plate centering techniques are a function of the design and are only constrained by the 
maximum allowable eccentricity described above, In most orifice fitings, the orifice plate 
is held in the flowing stream by a carrier mechanism. Such mechanisms theoretically pro- 
duce a repeatable eccentricity for the orifice plate. This should be checked for several op- 
erations of installing the e plate i in, and removing it from, the orifice fittin, The plate/carrier 
sed to perform this test should be the i will be used in 


the field. If any of the fitting’s internal mechanisms are seplaced, this inspection should be 
repeated. 


2.6.2.2 Perpendicularity 


The orifice plate holder should maintain the plane of the orifice plate at an angle of 90 de- 
grees fo the meter tube axis. 


2.6.3 METER TUBE 
2.6.3.1 Length 

To assure acct flow me: nt, dal 
developed flow profile, free from swirl or vortices, Such a condition is best achieved 
through the use of flow conditioners and adequate lengths of straight pipe upstream and 
downstream from the orifice plate. For further discussion, see Part 1, 1.12,4.3, 

Any serious distortion of the flow profile will produce flow measurement errors. There 
are many piping configurations in which the orifice meter will not produce results within 
the uncertainty of this standard. Some of the more commen types of piping installations 


have been studied with regard to their effect on metering accuracy. Figures 2-5—2-9 show 


should enter th fully 


the minimum lengths of meter tube required, 
For installations that are not explicitly covered in the installation sketches, Figure 2-5 
should be followed. 


2.6.3.2 Installation Sketches 

The graphs accompanying the installation sketches, Figures 2-5—2-9, indicate that the 
minimum length of meter tube required varies with the diameter ratio.(6,) and that longer 
lengths of meter tube are required for the higher diameter ratios (8,). When the diameter of 
tifice bore requires changing iv meei different flowing conditions, the minimum iength 
of the installed meter tube should be determined for the maximum diameter ratio (8,) that 
may be used, The design allations should be the lengths quoted for di- 
ameter ratios (,) equal to 0,75. Meter tubes longer than those shown in Figures 2-5-2-9 are 
desirable. When straightening vanes are used with meter tubes longer than those specified 
for the given diameter ratio (8,), the dimensions C and C’ should not be less than those in- 
dicated by the graphs. 

The instaliation sketches contained in this document are essentially unchanged fram 
those in the 1985 edition of the standard. Substantial research programs in this area are 


currently being conducted by API, the Commission of the European Comm 


ies, the Gas 
Research Institute, and Canadian researchers. At the conclusion of the required research, 
changes in the standard will naturally follow, In the interim, the user should consult ihe 
flow references listed in 2-A.25 of Appendix 2-A. 


2.6.3.3 Requirements for Straightening Vanes 


In determining whether or not straightening vanes are required, the governing factor may 
not always be the nearest piping fitting on the inlet end of the meter tube. For example, the 
last piping fitting or fittings may give no indication of the presence of swirling flows, Each 
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individual station design may have a different set of conditions. It would therefore be im- 


in consideration 


should be to minimize flow disturbance at the orifice plale from any upstream piping 
fittings. 
The installation of straightening vanes as shown in the installation sketches will consid- 


erably reduce the amount of straight pipe required upstream from an orifice plate. The pur- 
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Orifice to pipe diameter ratio, B 
Notes: 
La ca C. 
2, When the diameter of the orifice may require changing to meet different conditions, the lengths of straight pipe 
should be those required fur the maximum orifice to pipe diameter ratio that may be used. 


Figure 2-5—Partly Closed Valve Upstream of Meter Tube 
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Notes: 

LA - C=C. 

2, When the diameter of the orifice may require changing to meet different conditions, the lengths of straight pipe 
should be [bose required for the maximum orifice to pipe diameter ratio thal may be used. 

3. When the two clls shown in the sketches above are closely (less then 3D) preceded by a third that is not in the 
same plane as the sniddfe or second ell, the piping requirements indicated by A should be doubled, 

4. Considerable evidence exists that swirling ows require 100 or mere diameters of pipe to decay. This informa- 
tion is for guidance only, since no empirical data exist that accurately predict tho potential increase in unceztainty 
due to this.effect. Ln formation on additional research and general uncertainty guide lines may be found in Chapter 
14, Section 3, Part 1, 1.12.4.3. 


2-6—Two Ells Not in Same Piane Upsiream of Meter Tube 


pose of the vanes is to reduce or eliminate the effect on the flow measurement of swirls and 
crosscurrents set up by the pipe fittings and valves upstream from the meter tube, When 
straightening vanes are installed, they should be kept clean and free from debris, which may 
collect against the upstream end, 

The use of straightening vanes may not eliminate all profile effects and can lead to in- 
excased uncertainty. Por further information, refer ty the references listed in 2-A.25 of Ap- 
pendix 2-A, 


Copyright por American Petroleum Institute 
Sat Nov 03 21:47:38 2001 


API MPMS*14.3-2 91 M@ 0732290 0055730 0 ml 


CHarTer 14—NaTuRAL Gas Fuuios MeasurREMENT 


<__—_—________—__ be 
‘< A Meter tube 


——+|¢—- 5 —> 
Less than | | 
10D 


x 
\y Bf I Meter tube elles 


A——_—————>|e— 8 


= 
Le 

g/ | ae Straightening vanes | | 
: a 


25 


f Ca 


a 


expressed in nominal 
3 
rr 


Cert 


Minimum lengths of straight pipe required, 


Q 
to) O14 02 03 0.4 0.5 0.6 07 0.75 
Orifice to pipe diameter ratio, 8 


2. When the diameter of the orilice may require changing to meet differeat conditions, the lengths of straight pipe 
should be those required for the maximum orifice to pipe diarneter ratio that may he used. 
Figure 2-7—Less Than 10 Pipe Diameters Between Two Ells in 
Same Plane Upstream of Meter Tube 


2.6.3.4 Installation With Valve or Requlator Preceding Meter Tube 
(Figure 2~5) 

Figure 2-5 shows the 
the pipeline upstream from the orifice plate. Meter tube lengths may be reduced under 
specific circumstances, as specified below. For installations that are not explicitly covered 
in Figures 2-6—2-9, the meter tube length shown in Figure 2-5 should be used. 

Installations made within the dimensional limits of Figwe 2-5 will provide adequate 
length for a valve thal restricts the flow of fluid to be installed immediately upstream from 
the meter tube. This valve may be a regulator or a partially closed gate valve, a globe valve, 
a reduced-port baii vaive, or a plug vaive. 

However, if the valve opening is circular, the area is equivalent to the meter tube area 
(that is, the valve opening is of the same pipe size and schedule as the meter tube), and the 
valve is in a wide-open position during the flow measurement, it may be considered as not 
creating any serious disturbance and may be treated as providing restriction equivalent to 
that resulting from an elbow immediately preceding the meter tube. Under such circum- 
stances, consideration should be given to other fittings immediately preceding the valve in 
attempting to reduce lengths below the basic distances tabulated for Figure 2-5. Where 


ic meter tube length, whi accommodate a restriction in 
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at 


there are no other fittings and the valve preceding the meter tube is wide open, Figure 2-7 
shall apply in locating the wide-open valves. 


2.6.3.5 Installation of Two Ells or Bends Preceding Meter Tube 
(Bends Not in Same Piane; Figure 2-6) 

Figure 2:6 shows two ells, or bends, at right angles to each other (not in the same plane 
and separated by fewer than 10 diameters of straight pipe), preceding the straight run of the 
meter tube. With this configuration of piping fittings, the basic dimensions shown in Figure 
2-5 may be reduced to those indicated in Figure 2-6. 

When the two ells shown in Figure 2-6 are closely (Icss than 3D,) preceded by a third that 


+<oot in tle same lai anne Pe iiPAieAre al 


is not in the same plane as die uilddle ur sccond cll, the piping requirements shawn by A 


should be doubled, 


2.6.3.6 Installation of Two Elis or Bends Preceding Meter Tube 
(Bends in Same Plane; Figures 2-7 and 2-8) 


Figure 2-7 shows two ells, or bends (in the same plane and separated by fewer than 10 
diameters of straight pipe), preceding the straight run of the meter tube. With this configu- 
ration of fittings, the basic dimensions shown in Figure 2-5 may be reduced to those indi- 
cated in Figure 2-7. 

Figure 2-8 shows two ells, or bends (in the same plane and separated by 10 or more di- 
ameters of straight pipe), preceding the straight run of the meter tube. With this configura- 
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a. 
Orifice to pipe diameter ratio, B 


Notes; 

1. When the diameter of the orifice may requite changing to meet different conditions, the lengths of straight pipe 
should be those required for the maximum orifice to pipe diameter ratio that may be used. 

2, The straight run of pipe between the elbows must be at least [0 diameters in length. If this longth is less than 
10 diameters, Figure 2-7 shall be applicable. 


Figure 2-6—More Than 10 Pipe Diameters Between Two Ells in Same Plane 
Upstream of Meter Tube 
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tion of fittings, the basic dimensions shown in Figure 2-5 may be reduced to those indicated 
in Figure 2-8. 


2.6.3.7 Installation of Reducer or Expander Preceding Meter Tube 
(Figure 2-9) 


Figure 2-9 shows the use of a reducer or expander preceding the straight run of the meter 
tube. With this configuration of fittings, the basic or standard dimensions shown in Figure 
2-5 may be reduced to those indicated in Figure 2-9. This figure applies only to concentric 
reducers or expanders. When eccentric reducers or expanders are used, the length of the 
straight run of the meter tube should be in accordance with Figure 2-5. 


2.6.4 THERMOMETER WELLS 


Thermometer wells should be located to sense the average temperature of the fluid at the 
orifice plate. The wells may be placed on the downstream side of the orifice and not closer 
to the plate than dimension 3 nor farther than 48, as shown in Figures 2-5—~: f swaight- 
ening vanes are used, the thermometer well may be located 12-36 inches upstream from the 
vane iniet. 


2.6.5 INSULATION 


Insulation of the meter tube may be required in the case of extreme temperature differ- 
ences between the ambient temperature and ihe temperature of the flowing Muid and/or for 
fluids being metered near their critical point, where small temperature changes result in ma- 


be critical at low flow rates, where heat ransfer effeces may 


This can 
3. This cant 


cause not only distorted temperature profiles but also a change in the mixed mean temper- 
ature values from the upstream to the downstream side of the meter run, 
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1. Straightening vanes will not reduce tengths of straight pipe (A). Straightening vanes are not required because 
of the reducers; they are required because of other fittings that precede th cer, Leaoth Achall be |orsaced. 
by an. amount equal to the length of the straightening vanes whenever they are used (see bottom sketches). 
A’ = A + Length of straightening vanes; C’ = A’ - C. 

2, When the diameter of the orifice may require changing to mect different conditions, the fengths of strais 
should be those required for the maximum orifice to pipe diameter ratio that may be used. 

3. Ifthe flowing fluid may be jru tially condensed, me expander-type installation, as well as any other configuration 
that might create two-phase flow in the meter tube, shall be avoided, 


Figure 2-9—Reducer or Expander Upstream of Meter Tube 
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APPENDIX 2-A— RESEARCH PROJECTS AND TESTS 
CONDUCTED BETWEEN 1922 AND 1989 


2-AA Intro 


During the preparation of Chapter 14, Section 3, the com- 
mittee analyzed the data from research projects and tests 
soniducted between 1922 and 1989. Some of the projects 


stly under the si of API, Gas 


Poe Association (GPA), and American Gas Associa- 
tion (A.G;A,) personnel. Other tests were conducted by the 
Commission of the European Communities, Still other tests 
by independent investigators worldwide made significant 
contributions to the data base, The references described in 2- 
AQ through 2-A.12 are from the original document known 
as A.G.A, Report No. 2. The references described in 2-A.13 


through 2-A.19 were incorporated in the reference list of the 


references listed in 2-A.20 through 2-A.25 were part of an 
intense review and subsequent white paper developed by the 
Chapter 14, Section 3, Part 2, working group. 


2-A.2 Cieveiand Hoider Tesis (1925) 


The Cleveland holder tests were conducted by the Gas 
Measurement Committee using a gas holder owned by the 
Hast Ohio Gas Company in Cleveland, These tests were 
made under the chairmanship of H. C. Cooper and the direct 


supervision of Professor R. S. Danforth of the Case School 
of Appli 


of Appli tives of the National Bureau 
of Standards ani .S. Bureau of Mines were present as 
observers, The test line consisted of orifice meter runs of 8-, 
10-, and 16-inch pipe; 4-inch orifice plates were installed in 
each of these runs. 


2-A.3 Buffalo Disturbance Tests (1926) 


The Buffalo disturbance tests were conducted by the Gas 
Measurement Committee at the Daly Station of the Iroquois 
Gas Corporation, Buffalo, New York. The object of these 
tests was to determine the effects of disturbances produced 


in 2 gas stream by various kinds of pipeline fittines located 
in 2 gas strearn by ious kinds of pipeline fittings located 


near an orifice plate on the indications of an orifice meter. 


2-A.4 Disturbance and Rate—of—Flow 
Tests (1927) 


Disturbance and rate-of-flow tests were conducted by the 
Gas Measurement Committee at Daly Station of the Iroquois 
Gas Corporation, Buffalo, New York, under the personal su- 
pervision of Howard S. Bean. The first part of these tests was 
a continuation of the 1926 series described in 2-A.3, The 
tate-of-flow tests had two objectives: 
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a. To build up, by means of a series of intercomparisons, a 
series of relative orifice coefficient values for orifices in an 


meter from | inch to 64 


b. To study the effect on orifice coefficients of increasing 
value of the ratio of differential pressure to static pressure 
(A/p), that is, the ratio of the differential pressure, in inches 
of water, to the absolute static pressure, in pounds per 
square inch, 


2-A.5 Rate—of—Flow, Flange Form, and 
Sunercomnressibility Tests’ 


(1928) BENS 


Rate-of-flow. fanse form. an WarCDITNFBSe hi (aate 


Rate-of-flow, flange form, and supercompressibility tests 
were conducted at the Daly Station of the Iroquois Gas Cor- 
poration, Buffalo, New York, by the Ga: 
mittee under the direction of Howard 5S. Bean. The objects of 
these tests were as follows: 


a. To extend the study of effects on orifice coefficients re- 
sulting from changes in the h/p ratio to orifices in 4-inch 
pipes. 

b. To compare the relative indications obtained with recessed 
and unrecessed orifice flanges. 

c. To detennine the deviation from Boyle’s Law and its ef- 
fect on measuring gas by orifice meters, 

d, To investigate the effect on orifice coefficients for an 
equal diameter ratio of changing from 


equal diameter ratio of changing fr 


inch line. 


inch to a 4. 


2-A.6 Shop Tests on Effects of Orifice 
I Conditions 
0) 

Shop tests on effects of orifice installation conditions were 
performed by the Bailey Meter Company, the Foxboro Com- 
pany, the Metric Metal Works, and the Pittsburgh Equitable 
Meter Company for the Gas Measurement Committee in ac- 
cordance with an outline prepared by Howard S, Bean. The 
object of these tests was to determine the effects on orifice 
meter indications that result from some installation condi- 
tions not covered by the disturbance tests described in 2-A.3 
and 2-A.4, Additional information was desired about the fol- 
lowing conditions: 


a. Position and size of straightening vanes. 

b. Position and design of thermometer wells, particularly on 
the upstream side of the orifice. 

c, Roughness of pipe adjacent to the orifice, 

d. Form of flange in which the orifice plate is held. 

e, Inaccuracy in centering the orifice in the pipe. 
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f, The condition of the upstream edge of the orifice. 


dee 
gee 


& 


the orifice. 


The results of these tests were reported in the article “Bt 
fect of Some Installation and Construction Conditions Upon 


the Indications of an Orifice Meter,” Ameri: 


Herloak Cas Assocl- 


ation Monthly, July~August 1947, Yolume 29, pages 7 and 8. 
2-A.7 Edgewood Tests (1922-1925) 


The Edgewood tests were conducted at Edgewood Arse- 
nal, Maryland, by the National Bureau of Standards with the 
cooperation of the Chemical Warfare Service, U.S. War De- 
partment, under the immediate supervision of Howard 8. 
Bean, with the advice of Edgar Buckingham, and the assis- 
tance of Paul S. Murphy. The object of these tests was to ob- 
tain original information on the orifice discharge coefficients 
over as wide a range of pipe sizes, diamector ratios, pressures, 
and pressure ratios as was permitted by the facilities avail- 
able, The setup included orifices in 4-, 6-, and 8-inch pipes. 
Forty-eight orifice plates were used, with orifice to pipe di- 
aneter ratios ranging from 0.108 to 0.858. 


2~A.8 Chicago Holder Tests 
(1923-1924) 

The Chicago holder tests were conducted in Chicago by 
the American Gas Association Committee on the Measure- 
ment of Large Yolumes of Gas, under the chairmanship of 
M. E. Benesh. On invitation from Mr. Benesh, the National 
Bureau of Standards cooperated in these tests, the main ob- 
ject of which was to study the accuracy of several types of 
meters, including orifice meters used to measure large quan- 
tities of gas at pressures near atmospheric. 


2-A.9 Ohio State University Steam and 
Waier Tesis (1929-1931) 

Steam and water tests were conducted by the Ohio State 
University Engineering Experiment Station and the Bailey 
Meter Company at the Mechanical Engineering Laboratory 
of Ghiv Staie Univeisity, wider the supervision of Professors 
Paul Bucher and Samuel Beitler. The object of the tests was 
xpansion factor and the coeffic of 


orifices measuring both steam and water. Both 3- and 6-inch 
lines were used and a series of orifices were tested, first us- 
ing water and then steam, 
2-A10  iniercomp: 
(1932) 

An intercomparison of meter runs was conducted by the 
Peoples Gas Light and Coke Company at its Joliet Measur- 
ing Staion, Joliet, Illinois, under ihe supervision of M. E. 
Benesh, 
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2-A.11 Columbus Tests (1932-1933) 


The Columbus tests were conducted by the Joint Orifice 
Meter Committee at the Hydraulic Laboratory of Ohio State 
University, Columbus, Ohio, under the immediate supervi- 
sion of Professor Samuel R. Beitler. Nearly 80 separate 
orifice piates were used in tests with I-, 14-, Z-, 3-, 6-, 10-, 
and 15-inch pipes, and in many cases, the same orifice was 

sad b ‘Od or more difforent sina sigas, The orifies sins di. 


used in two or more different pipe sizes, The orifice pipe di- 


ameter ratio ranged from 0,04 to 0,84, 


2-A.12 South Columbus Flange 


Form and Pressure 
ror ang rressure 


Hole Tests (1932) 


Flange form and pressure hole tests were conducted by the 
Joint American Gas Association—American Society of Me- 
chanical Engineers Committee on Orifice Meters at the 
South Columbus Measuring Station of the Ohio Fuel Gas 
Company, under the immediate supervision of J. E. Over- 
beck, with the advice of Professor Samuel R. Beitler. The 
object of these tests, which were made with natural gas, was 
to determine more completely than had been done either at 
Buffalo (2-A.3 and 2-A.4) or by the shop tests (2-A.6) the ¢f- 
fects of various sizes of internal flange recesses adjacent to 
the orifice plate. Both the width and the depth of the recesses, 
were varied in the 2-, 4-, and 8-inch pipe sizes that were used 
in these tests. The orifice to pipe diameter ratio ranged from 
0.125 to 0.75, In combination with these recesses, various di- 
ameters of pressure holes were used. 


2-A.13_ Rockville Tests (1949-1951) 


The Rockville tests were conducted by the Joint American 
Gas Association—American Society of Mechanical Engi- 
neers Committee under the direction of Howard 8. Bean. 
Tests with natural gas were performed at the Rockville, 
Maryland, Measuring Station of the Atlantic Seaboard Cor- 
poration to study the following: 


a. The effect of plug, globe, and gate valve disturbances on 
measurement, 

b. The effect of elbow placement disturbances (comparison 
with Buffalo tests). 

c, The effect of orifice meter fittings, compared with convén- 
tional orifice flanges. 


doThe otfectoldrifice ibe roushnesa: 


e. Installations of 2- and 8-inch piping, 


The results of these tests were published by the American 
Gas Association in two interim reports, each entitled Inves- 
tigation of Orifice Meier Insialiaiion Requirements and daigd 


March 1951 and January 1954, 


APT MPMS4*14.3.2 91 MM 07392290 0055736 1 


SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 2—SPECIFICATION AND INSTALLATION REQUIREMENTS 27 


2-A.14 National Bureau of Standards 
Hydraulics Laboratory Tesis 
(1950-1951) 


‘The National Rureau of Standards Hydraulics Laboratory 
tegts were conducted by the Joint American Gas Associa- 
tion~Amierican Socieiy of Mechanical Engineers Committee 
on Orifice Meters at the Hydraulics Laboratory, National Bu- 


reau of Standards, Washington, D.C., under the 
supervision of Howard S$. ‘Bean, ‘The abject. of this project 
was, in part, to make comparative tests with water for the 
roughness and orifice fitting installations used in the Rock- 
ville tests (2-A.13) and, in part, to examine the effect of pres- 
sure tap iocation and tap hole size. The results were reported 
in conjunction with those from the Rockville tests. 


2-A.15 U.S. Naval Boiler and Turbine 
Laboratory Tests (1948-1954) 


The U.S. Naval Boiler and Turbine Laboratory tests were 


conducted by th U.S. Department of the 


Navy, in conjunction with the Joint American Gas Associa- 
tion—American Society of Mechanical Engineers Committee 
on Orifice Meters at the U.S. Naval Boiler and Turbine Lab- 
oratory in Philadelphia. 

This work was conducted under the direction of James W. 
Murdock. The object of these tests, which were made with 
steam, was to determine the effect of giabe valves and ex- 
pansion bends on orifice meter indications. Additional tests 
were performed to check the values of expansion factors fo 
be used in the measurement of steam, The results of these 
tests were reported in a series of four interim reports pub- 
lished by the U.S. Naval Boiler and Turbine Laboratory. 
‘These reports were entitled Determination of the Minimum 
Lengih of Siraight Pipe Required Between Various Pipe Fit- 
tings and the Orifice Plate for Acceptable Orifice Meter Ac- 
curacy and were dated Janvary 1950, March 1950, May 


ere dated J 1950, March 1950, May 


1950, ‘and November 1951, 


mediate 


2-A.16 Refugio Large—Diameter Orifice 
Tube Tests (1952-1953) 


The Refugio large-diameter orifice tube tests, a PAR Pro- 
ject, were conducted by the Project NX-4 Supervising Com- 
mittee, under the chairmanship of EB. E. Stovall. The primary 
objective was to determine experimentally whether the basic 
orifice coefficient data contained in the Americen Gas Asso- 
ciation’s Gas Measurement Report No. 2 ue 7 extrapo- 


lated for 


y through 
large-diameter tubes, The lest installation was ne near 
Refugio, Texas, on-a transmission line of the Tennessee Gas 
Transmission Company. The results of these tests were pub- 
lished by the American Gas Association in a report, Large 
Diameter Orifice Tube Tests, dated June 1954, 
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2-A.17 Eccentric and Segmental 
Orifice Tests (1948-1954) 


Eccentric and segmental orifice tests were conducted un- 
der the supervision of a Subcommittee of the American So- 
ciety of Mechanical Engincers’ Research Committee on 
Fluid Meters with the cooperation of the American Gas As- 
sociation’s Gas Measurement Committee. The chairman of 


the ASME subcommittee was L. E. Ge: 


i the M 
Honeywell Company. The objective of the tests was to deter- 
mine the coefficients of discharge of round orifices m ed 
with one edge tangent fo the pipe wall and of plates with seg- 
mental orifices in them. The fests were run at Ohio State 
University under the supervision of Profcssor Samuel R, 
Beitlor and were analyzed by Professor E. J, Lindahl of the 
University of Wyoming, The results of these tests were re- 
ported in two ASME papers: “Calibration of Eccentric and 


Seg ifices in 4. and 6§-Inch Pipelines, ” Transactions 


of the ASME, 


1949, Volume 71, and “Coefficients of Dis- 
charge for Eecentiic and Segmental Orifices in 4-inch, 6- 
inch, 10-inch, and 14-inch Pipes,” presented at the Annual 
Meeting of the American Socicty of Mechanical Engincers, 
New York, November 1954. 
2-A.18 Pine Bo 


hninne 
aro rape MOUGmicsS Gu 


(1957-1980) 


A pipe roughness study, a PAR Project, was conducted by 
the Project NW-20 Supervising Committee under the chair- 


manship of J,.0. Matdock. W. BuRuff ln; of dis Souther 


Natural Gas Company, served as the Gas Measurement 
Committee representative coordinating and supervising the 
project, The primary purpose of this program was to deter- 
mine, qualitatively and quantitatively, the effect of the char- 
acter of the.interior surface of orifice tubes on fluid flow 
measurements by orifice meters. A secondary objective was 
ith some phys- 
ical measurement of the tube roughness (such as micro- 
inches) to the end that a recommendation could be r 
about the relative roughness range for satisfactory metering 
service, The preliminary tests were conducted at the U.S. 
Naval Boiler and Turbine Laboratory in Philadelphia. The 
full-scale tests were conducted in Birmingham, Alabama, at 
Southern Naturai Gas Company facilities. Four-inch meter 
tubes were used in these tests, The results of these tests were 


ican Gas Association in the report 


The Effect of Pipe Roughness on Orifice Meter Accuracy 
(Catalog No, 33/PR), dated February 1960. 


2-A.19 Ohio State University Flow 


Distortion Tests (1960-1962) 


The Ohio State University flow distortion tests constituted 
PAR Project NY-34. The supervising committee chairman 
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was C. W, Brown, Texas Gas Transmission Corporation. 
These tests were carried out at Ohio State University to de-. 
termine the amount of error caused by distortion of the ap- 
proach velocity profile on the cacfficient of orifices. An 
attempt was made to eliminate swirl, so the report describes 
the effect of changes in the axial profile only. Six-inch orifice 
pipes with honed walls (roughness of about 15 microinches) 
were used, and the inlet profile was distorted by use of spe- 
cial flow disturbances and piping configurations. It was con- 
cluded that ordinary disturbances caused by piping 
configurations, which did not produce swirl, resulted in er— 
rors of less than 2 percent if there were at least six diameters 
of straight uniform pipe ahead of the orifice. 


2-A.20 API Experimental Program 
Britton, C. L., Cal dwell, S., and Seidl, W., “Measurements of 


‘lange- Tapped, 
Square- Edged Orifice Meters in White Mineral Oil Over 
a Reynolds Number Range of 70 to 90,000,” American 
Petroleum Institute, Washington, D.C., 1988. 

“Coefficients of Discharge for Concentric, Square-Edged. 
Flange-Tapped Orifice Meters: Equation Data Set—Sup- 
porting Documentation for Floppy Diskettes,” American 
Petrofeum Institute, Washington, D.C., i988, 

Whetstone, J. R., Cleveland, W. G., Bateman, R. B., and 


Sindt, C. B, “Measurements of Coefficients of Discharge 


for Concentric, Flange-Tapped, Squate-Edged Orifice Me- 
ters in Natural Gas Over a Reynolds Number Range of 
25,000 to 11,600,000,” American Petroleum Institute, 
Washington, D.C., 1988. 

‘Whetstone, J. R., Cleveland, W. G., Baumgarten, G. P., Woo, 
§., and Croarkin, M. C., “Measurements of Coefficients of 
Discharge for Concentric Fiangs-Tapped Square-Rdged 
Orifice Mcters in Water Over the Reynolds Number 
Range 600-2,700,000” (Technical Note 1264), National 
Institute of Standards and Technology, Washington, D.C., 
Tune 1989, 


2-A.21 EEC Experimental Program 


Hobbs, J. M., “Experimental Data for the Determination of 
Basic £00mm Orifice Meter Discharge Coefficients” (Re- 
port EUR 10027), Commission of the European Commu- 
nities, Brussels, 1985. 

Hobbs, J. M., “The EEC Orifice Plate Project: Part I. ‘Trace- 
abilities of Facilities Used and Calculation Methods Em- 
ployed” (Report PRS:EUEC/17}, Comiiission of the 
European Communities, Brussels, 1987, 

Hobbs, J. M., “The EEC Orifice Plate Project: Part IL. Criti- 
cal Evaluation of Data Obtained During EEC Orifice Plate 
Tests” (Report PR5S:EUEC/17), Commission of the Euro- 
pean Communities, Brussels, 1987. 
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Hobbs, J, M., “The EEC Orifice ae Project: Tables of 
CAT, 
Commission of the European Communities, Brussels, 
1987 


Hobbs, J. M., Sattary, J. A., and Maxwell, A. D., “Experi- 
mental Data for the Determination of Basic 250mm 
Orifice Meter Discharge Coefficients” (Report EUR 
10979), Commission of the European Communities, Brus- 
sels, 1987. 

Hobbs, J. M., Sattary, J. A., and Maxwell, A. D., “Experi- 
mentai Data for the Determination of Basic 600mm 
Orifice Meter Discharge Coefficients,” Commission of the 
European Communities, Brussels, in press. 

Spencer, E. A., “Study of Edge Sharpness Effects Measured 

i the EEC Orifice Plate Coefficient Programme” 

(Report EUR 11131 EN), Commission of the European 

Communities, Glasgow, 1987. 


Valid Das 
Valid Dat 


fae BRD Deifae Muaglucic anort Tl 
for EBC Orifice Analysis” (Report 2 


2-A.22 Orifice Eccentricity 


Husain, Z. D., and Teyssandier, R, G., “Orifice Eccentricity 
Effects for Flange, Pipe and Radius (D — D/2) Taps” 
(ASME Paper 66-WA/FM-1), American Society of Me- 
chanical Engineers, New York, 1966. 

Husain, Z. D., and Teyssandier, R. G., “The Bffect of Orifice 


city ina Small 


Eccen 
International Conference on the Metering of Natural Gas 
and Liquefied Hydrocarbon Gases, London, February 
1984, 

Miller, R. W., and Kneisel, U., “Experimental Study of the 
Effects of Orifice Plate Eccentricity on Flow Coefficients* 
(ASME Paper 68-WA/FM-1), American Society of Me- 
chanical Engineers, New York, i968. 

Norman, R., Rawat, M. S., and Jepson, P., “An Experimental 


Investigation into the Effects of Plate Eecentricity and 
Investigation into the Effects of Plate Eccentricity and 


Elastic Deformation on Orifice Metering Accuracy,” Pa- 
per presented at the International Conference on the Me- 
tering of Natural Gas and Liquefied Hydrocarbon Gases, 
London, February 1984. 


Line Size,” Paper presented at the 


2-A.23 Orifice Edge/Surface Condition 


Spencer, E, A., “Study of Sharpness Effects Mcasured Dur- 
ing the BEC Plate Coefficient Programme” (Report EUR 
11131 EN), Commission of the European Communities, 


Brussels, 1987, 

Studzinski, W., Berg, D., Bell, D., and Richards, D., “Effects 
of Orifice Surface Conditions on Accuracy of Flow Rate 
Measurements,” Paper presented at the Second Interna- 
tional Conference on Klow Measurement, London, May 
1988. 
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2-A.24 Pipe Roughness 


Brennen, J. A., McFaddin, S. E., Sindt, C.K, and Wilson, R. 
R., “Effect of Pipe Roughness on Orifice Flow Measure- 
ment” (Technical Note 1329), National Institute of Stan- 
dards and Technology, Washington, D.C., July 1989, 


2~A.25 


McFaddin, S. E., Sindt, C. F, and Bremnen, J. A., “Optimum 
Location of Flow Conditioners in a 4-Inch Orifice Meter” 


Installation Effects 


Copyright por American Petroleum Institute. 
Sat Nov 03 21:47:43 2001 


(Technical Note 1330), National Institute of Standards and 
‘Technology, Washington, D.C., July 1989, 

“600 mm Orifice Plate Project: Part KU. Discharge 
Coefficient Measurements With and Without Flow 
Straightener," N.V. Nodcrlandse Gasunie, Delft, The 
Netherlands, December 1988, 

Smith, D. J. M., “The Effects of Flow Straighteners on 
Orifice Plates in Good Flow Conditions” (Paper 5.3), Pro- 


of the Ip 
of the ii 


| Cont 
! Conf 
surement in the Mid 8&0's, National Engineering 
Laboratory, East Kilbride, Scotland, Inne 1986, 


rence on Flow Mea- 
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APPENDIX B—ORIFICE METER INSPECTION GUIDELINES 


Note: This appendix is nota part of this standard but is included for informational purposes only. 


The following vuiline is intended io provide guidelines for preparing an orifice meter in- 
spection checklist. The outline is provided so that uniformity may be achieved in what is 
to be ingsnected, The format of the checklist is left to the user, ac: a 
erence, Although all the items listed may not be required at every inspection, the checklist 
should provide the pertinent information. 

Note that the outline may not include all of a particular user’s required information. The 
minimal information specified in the outline provides a basis for evaluating the quality of 
the meter run and orifice plate at the time of inspection. 


I, Header 

Company name. 
Date of inspection. 
Tube iocation. 


epocted.. The form: he checklist ts left to the user, ac! 


Flow direction. 


POO mp 


F. Any other information required. 
il, General information 
A, Scrial number. 


A. Type of ones holder; flanges or fitting; single or dual chamber, 
RB, M: 
C. Serial rahe 
D. Straightening vanes? yes or no; if yes: 

1. Type of vane. 

2. How fastened? pinned, welded, or flanged. 

3. Dimensions. 

4, Dimensional _ quality specifications per Chapter 14.3, Part 2: pass or fail. 


. Meter ran type: 


inglo tube or multiple tube, 
. Installation type (ses Figures 2-5—2-9), 
. Dimensional data: 
1. Length (see Figures 2-5—2-9), 
2. Upstream and downstream diameters (at least four measurements at each 
location): 
a. Upstream pressure tap (also calculate the average of these values), 
b. Downstream pressure tap. 
c. First pipe connection. 
d. Second pine con 
Temperature of tube at time of measurement. 
. Meter tube quality: cleanliness and measured roughness upstream and 
downstream. 
J. Average tube inside diameter at 68°F, as stamped on pipe or nameplate. 
K. Inside tube diameter used in flow computer, for calculations, and for data 
processing. 


Q mm 


aH 


TV. Pressure Taps 


A. Orientation of primary differential pressure transducer connection (looking 
from inlet to outlet of meter tube). 


3 
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B. Location of static pressure transducer connection: upstream, downstream, or 
none, 

. Number of differential pressure connections. 

. Pressure tap size: & inch, 4 inch, or other. 

. Measured distance from centerline of tap hole fo oriftce plate surface, both 
upstream and downstream. 

F, Condition of tap hole edge on inside diameter of meter run. 

G. Manifold: manufactured or fabricated on site; full bore or restricted bore; three 

valves, five valves, or other. 


mon 


Y. Other Instrumentation 

A, Measurement data on other tap connections made to tle meter tube; size, 
location, and orientation. 

. Temperaiure probe: type and iocaiion. 

. Densitometer: manufacturer and type; insertion or sample line; size; inlet or 


outlet location, 


aw 


D. Sampler: manufacturer and type; sample line size; inlet or outlet location, 
E. Composition/energy analyzers: type; sample line size; inlet or outlet location. 


VI. Orifice Plate Centering—Type . 
A, Flange: plate alignment (pin: 
B. Fitting: 

. Measurement from plate edge to pipe wall on primary pressure tap side. 
. Measurement from plate edge to pipe wall on opposite side pressure tap. 
. Difference between 1 and 2 above. 

. Measurement from plate edge to pipe wall perpendicular to primary tap. 
. Measurement from plate edge to pipe wall opposite to measurement in 4 

above. 
6, Difference between 4 and 5 above. 


wah NY 


VIL Orifice Hitting Leak Test (After Hydrostatic Testing) 
. Measurement of seat width. 

. Measurement of seal width. 

. Difference between A and B above. 


Results of pressure tan leak test. 
. Results of pressure tap leak test, 


. Results of plate bypass leak test. 
1 Type of seal and material of construction. 


VII. Orifice Plate Inspection 
Type of plate. 

. Material of construction. 

. Manufacturer. 

Stamped (nominal) diameter at 68°F. 

Edge sharpness: sharp or dull, 

Plate flatness: fiat or bent (measured departure from flatness). 

Measured roughness of plate surface. 

Any surface film patterning for piates just removed from service? 
Micrometer measurement of at least four inside diameters of the orifice bore. 


Ommonw> 


Average value of the “ements in Labove. 
Average value of the measurements in I above. 


. Measured plate thickness. 

.. Other data pertinent for identification, 

. Temperature at which plate was measured. 

. Names of inspector(s) and witness(es) and date, if not the same as for meter 
tube, 

. Is plate beveled or unbeveled? 


O ZEA 


mmo 
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